Introduction
Maternal serum alpha fetoprotein (MSAFP) screening is able to detect virtually all anencephalic fetuses, a majority of open spina biflda cases, and about one half of abdominal wall defects [1] . Recent evidence also suggests that MSAFP screening may also assist in the prenatal diagnosis of Down syndrome and other trisomy abnormalities [2, 8] . These observations have resulted in a dramatic increase in the number of physician request for MSAFP measurements as well as an upsurge in the number of clinical laboratories performing this test. However, MSAFP screening involves much more than performing an assay and reporting a result. The clinical laboratory must not only provide an AFP result but also interpret the result, recommend appropriate action to be taken based on the result and provide a mechanism for appropriate follow-up, to document pregnancy outcome [6] . Moreover, due to the gestational age-dependent nature of AFP, and the reported effects of maternal status (such as age, weight and IDDM) on the result, the MSAFP laboratory report needs an interpretation and recommendation specifically tailored for each patient. This requires the clinical laboratory performing the MSAFP test to obtain and maintain an adequate data base on the patient being tested, integrate this data base with the AFP result, and provide the physician with a report based on this integration. In this paper we report on the development of a computer program which assists the MSAFP screening laboratory in meeting these criteria. This program, written in BASIC, 1) maintains a data base for patients tested, 2) allows input and storage of MSAFP results, 3) calculates the gestational age dependent result in multiples of the median (MOM), 4) makes an individualized interpretation of the result based on maternal age, weight and IDDM, 5) makes an appropriate recommendation for subsequent action based on the result, and 6) prints a report containing the above information. In addition, the program prints a daily log of patients tested, provides a follow-up sheet to assist in tracking abnormal results to term, updates the median values on different gestational ages at regular intervals, provides epidemiological data on positive and negative screening rates to be utilized as quality control measurements, and generates a monthly statement for billing purposes. The data base files are simple random access files which can be addressed for statistical manipulation and examination. The data files can also be easily intergrated into more powerful data base programs. The program can be easily modified by someone with minimal training in the BASIC programing language. To date this program has been successfully used in the analysis of over 6300 MSAFP samples.
Description of the program

Hardware
The computer used for this program is an IBM PC AT having 640K RAM, a color monitor, and IBM PC-DOS 3.1 operating system. The BASIC program and the patient data base files are stored in the hard disk drive. A standard double sided, double density 5 1//4 inch floppy diskette can hold approximately 3000 patients. The program was originally written far an IBM PC with 256K RAM. However, it was later discovered that the on board memory was not sufficient to handle the monthly billing statement generating portion of the program.
Software
The MSAFP software was programmed in IBM BASIC A by the authors and consists of approximately 930 lines of programing (see Appendix). The patient data base information is stored in random access files with a record length of 113 characters per file. The following information is stored for each patient in the data file: patient name, age, weight, diabetes, doctor's name, doctor's billing code, date sample was drawn, whether sample is a repeat or first run, whether sample is serum or amniotic fluid, date sample was assayed, gestational age determined by last menstrual period (LMP), gestational age determined by ultrasound (USG), the AFP value, and the location of the refering physician or laboratory. Physicians are instructed to complete a requisition to provide the above information on each patient. This requisition along with the sample is delivered to the laboratory. Each sample presented to the laboratory for MSAFP testing is assigned the next available accession number (sample code). This code number correlates with the patients data base record number, and is used to access the patient's file. Table I shows the screen for patient data base input and the information which can be entered. Most samples are not from insulin-dependent diabetic patients and are not repeats, so these values are set to default as a "no" answer (brackets). The report date is also defaulted to a date entered initially to save entry time. Once the patient data base information has been entered, the user has the option to store the information as entered, edit the information, or print a report. If a printed report is chosen, the gestational-age dependent MOM will be retrieved, the weight adjusted MOM calculated, an interpretation and recommendation chosen and the report will be generated (see below). The data base information is then stored in the random access file.
Input MSAFP results:
It is often convenient to input the patient data base information into the computer before the actual MSAFP values are obtained. Patient information can then be logged onto the computer as soon as specimens arrive if this occurs prior to the time of the assay. The Input MSAFP Results option asks the user for the number of stored patients which require the addition of MSAFP value. The user is then prompted to enter the patients code number followed by the MSAFP value. Once this is completed, the program automatically recalls each patient's data base and inserts the MSAFP value. Thus, to enter a number of MSAFP values the user may use this option rather than recalling each data base individually and editing in the value.
Print reports from stored data base:
This is the major calculation and data interpretation routine of the program. The user is first prompted for the number of reports needed, and is then asked to enter the sample code numbers in any order. The program then recalls the patients data base according to the sample code. The program then generates the report by first printing the patients name and other pertinent information contained in the data base (table II) . If the maternal age and/or weight are not available, an asterisk is printed in the respective locations on the report appropriate heading. The weight adjusted MOM form and the physician is requested to provide the is then calculated (lines 1650 -1670, Appendix) by laboratory with this information (see below). the formula [9] : Wt. Adj. MOM = MOM/(1.555 -0.00417 χ Maternal Wt. in Ibs.). The observed The next portion of the computer generated report MOM and the weight adjusted MOM is then concerns the calculation of the result (table II) . printed under the appropriate heading. The norThe MSAFP assay value and gestational age are mal range for the individual patient is determined reported under a "Last Menstrual Period" and/or by the patients maternal age (low end) and the "Ultrasound" heading, depending upon the presence of insulin dependent diabetes. If the pamethod(s) used for gestational age determination, tient is < 21 years of age at the time of delivery, The regressed assay multiple of the median the low normal MOM is reported as 0.38 MOM. (MOM) values for each gestational age between As the patient increases in age, this low normal 14 and 25 weeks are written into the program as value increases and is adjusted on the report acdata statements (line 1620, Appendix). These val-cordingly. The actual values [8] are written into ues are read into the program internally (line 1640, the program as data statements and are read inAppendix) and the MOM for the recorded gesta-ternally (lines 1680 -1690, Appendix). If the pational age is determined and printed under the tient is reported as having insulin dependent dia-betes the upper normal limit is set at 2.0 MOM [6, 11] otherwise the upper normal limit is 2.5 MOM [4] .
The final section interprets the MSAFP value and makes an appropriate recommendation. There are eight possible interpretation and recommendation subroutines. These are based on a normal result (table II) , < 14 weeks of gestational age, abnormal low MSAFP (table III), abnormal high MSAFP  (table IV) , abnormal repeat MSAFP, and no interpretation possible due to lack of maternal age, weight or gestational age. Because of increased accuracy and reproducibility of USG determination of gestational age, USG information, if available, is used for the interpretation regardless of the LMP data. If only LMP data is available, this information is used for the interpretation. Also, because of the reported differences in MSAFP values due to excessive overweight or underweight and the accompanying differences in maternal blood volume [9] , all interpretations are based on the weight adjusted MOM.
The actual interpretations used for a normal, abnormal low or elevated MSAFP are presented in tables II, III, and IV, respectively. If a repeat MSAFP is also elevated, amniocentesis for amniotic fluid AFP and karyotype is recommended. For abnormal low MSAFP results, the actual risk for Down syndrome for that patient is determined from a Down syndrome odds table [8] based on the patient's age and the MOM value and is handwritten on the report form (table III) . In addition, because the risk for fetal abnormality is significantly great for women 35 years of age or older, amniocentesis to rule out chromosomal abnormalities is recommended for patients 35 years or older at the time of delivery even if the MSAFP result is normal [3] . The end of the report form provides space for the technician's initials and for the laboratory director/geneticist signature and date. Report forms are printed on continuous-feed forms to allow unassisted operation in printing.
Edit a stored file.
This option allows the user to edit any portion of the patient's data base already stored. This option is especially useful if additional information, such as USG gestational age, maternal weight or age, becomes available after the initial reports are printed. Once the file is edited, the user may store the edited data base or request an updated report to be printed. 
Print a patient log:
This option allows the user to print a log of the patients assayed each day. The user is asked to enter the first and last sample codes to be logged. The program then recalls each data base and prints the code number, patient name, doctor's name, doctor's billing code, and the draw date of each sample. This function is particularly useful for generating a daily laboratory log of patient samples assayed, which is required by many state and federal laboratory licensing agencies. This log is also helpful in tracking patient samples on a day to day basis.
Print patient follow-up sheet:
Accurate and comprehensive follow-up of patients who have abnormal MSAFP results is mandatory for a MSAFP screening program [5] . This option asks the user for the sample code of the abnormal result. The program then recalls and prints an abbreviated report for this patient (table V) . This printed follow-up sheet contains space for input of the results of ultrasound, repeat draw MSAFP, amniocentesis, acetylcholinesterase assay, and results of delivery. This follow-up sheet can then be filed and the record of this patient's progress maintained until the final outcome is known. This information is extremely important in determining the laboratories false positive and false negative predictive rates based on the MSAFP result and pregnancy outcome.
Sort patients for billing:
This option generates monthly billing statements. The user is asked for the first and last sample code for those samples run during the preceding month. The program then recalls each patient's data base and sorts the patients according to the doctor's billing code subgroup, which is arbitrarily assigned by the user. The physicians within each subgroup are then arranged alphabetically according to the physician's last name. Once accomplished, the program prints the patient name, doctor name, draw date and sample code for each billing code. This option generates an individual billing statement for each physician, laboratory or clinic and provides not only a financial statement but a permanent record of patients assayed for each patient referring group.
Create data base files:
This option converts the random access patient data file into data files which can be intergrated into other more powerful data base programs. The user is asked to enter the first and last patient code number to convert. The program then converts the random access file into an individual sequential file specific for each variable contained in the patient data base (patient name, age, weight, assay value, etc.). The converted sequential files are then stored onto a floppy disk. The data can then be easily imported into other commercially available data base programs, such as Lotus 123 R or dBase III R . 
Comment
The program described herein is extremely easy to use yet powerful enough to address most of the needs of a MSAFP screening program. The concept behind the program satisfies the requirements for a MSAFP laboratory by 1) providing an easily accessible patient data base, 2) reporting a result and providing an interpretation of the result and recommendation for the individual patient, and 3) allowing for patient follow-up. By writing the program in the BASIC language, it can be easily modified to suit individual needs by anyone with a minimal amount of programing experience. The random access patient data base files can be readily addressed by other BASIC programs and allows for statistical manipulation of the data. The
Create Data Base Files option allows the patient data base information to be incorporated into other commercially available, more powerful data base programs. We have found the report format to be very advantageous and convenient for physicians. By tailoring the report for the individual patient, the physician is able to rapidly assimilate the information without having to compare the observed result with a list of normal values for the respective gestational age. When both the LMP and USG gestational age data are available, we report the results for both ages. Although our interpretation and recommendation are based on USG data when available, we felt it important to provide the physician with both sets of data. When only LMP data are available, our interpretation and recommendations are based on these data, allowing the physician to take responsibility for accuracy of gestational age estimates.
Other commercially available data base software systems are available and have been implemented for MSAFP screening programs [7] and in vitro fertilization programs [10] . We have chosen to create our own program to maintain maximum flexibility and to allow for incorporation of interpretation and recommendation formulas. We have found this program to be easy to use and to modify as future needs become apparent. By combining this program with other data base programs the data can also be utilized for other statistical purposes.
Abstract
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